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Three scattering layers exist in the minimum 0 region of the
eastern tropical Pacific. Maxumum scattering withil these layers was
deterinied by decreasing odiosouaidor gain. Regression analyses ere,
made of various biological and chemical parameters, and correlation
coefficients between these mattnetrs and mazliurn scattering depths
were determined. The correlation coefficients show peak nitrite con-

cenratonsto be intimately related to the shallowest migrating
scattering layer. In addition, correlations between peaks of scatter-
ing In the surface layer and mauimuim CI1A activity and chlorophyll I
concentration suggest that these parameters may possibly be measured
by high-frequency sound sources.

Trinil data suggest small bathypelagic fishes and zooplankton as
causets of the shallowest migrating scattering layer and large bathy-
pelagic fishes as the cause for the deepest layer.
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Certain marine animals are limited to stratified layers in the Water

colmn, rather than being uniformly distributed. Many of those animals

undertake considerable diurnal vertical migrations which can be follo..d

by sound ranging (Raymont, 1963; Hbrsey and Rawkuss 1962). Echosomders

and filtered white noise, used to detect and study the stratified layers,

have delineated general characteristics and geogtaphic distribution of

these layers (Deklemishev, 1956; Horsey and Dackus, 1954; and Tchernia,

19S0). Such layers occur in every major water body in the world and

are commnnly described as deep scattering layers (DSL).

Many attempts to identify the organisms responsible for scattering

layers have produced inconclusive results. Various authors have sugges-

ted such widely diverse organisms as squid, pteropods, siphonophores,

euphausiids, and bathypelagic fishes as the causative organisms. Recent

"research, however, has directed attention to the air bladders of certain

families of bathypelagic fishes as the probable cause of the DSL phenomena

recorded on echosounders (Hersey and Backus, 1954, 1962; Marshall,19Sl;

and Andreeva, 1964). Bathypelagic fishes are believed to be intimately

associated in a hunter-hunted relationship with other types of organisms

which inhabit these layers. These organisms (mainly zooplankton) grate

on phytoplankton which in turn are dependent on chemical nutrients and

light (Aron, 1960; Beklemishev, 1956; and Raymont, 1963).

Assuming that a correlation should exist between some link in this

chain mid the scattering layers, research was undertaken aboard the R/V

TO VEGA during April and May 1967 under the auspices of the Hopkins Marine
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Sttism of Stanford thive.sity

A modified Tuwor trawl net designed especially for collecting macro-

planten sad nektom was used. Two devices were attached to the net

bridle: a standard bathykyosgraph which recorded time versus depth and

a device for presetting the tins of opening and closing of the net. The

not was always lowered with the mouth closed.

Scattering was recorded mn two Sisrad echosounders. The first, a

Rinad Scnar, kldel 540-4 (Simansen Radio A.S., Oslo), was powered by

a 24-volt Constavolt battery eliminator model 602A. It operated at a

frequency of 30 k•z with a pulse power of 1,000 watts. This echosounder

was operated an a depth-sounding mode with ranges of 0-130, 100-230, and

200-330 fathoms. A fourth range of 0-1,500 meters was rarely used owing

to lack of definition of the scattering layer at this setting (fig. 2d).

Most recordings were made with a pulse-length setting of one and sensiti-

vity (gain) settings of 6 to 9. High signal to noise ratios made it in-

practical to record scattering layers while underway.

The second echosounder, a Sinrad Echo-Sounder, Type 513-1, was

powered by the ship's generators boosted from 11S to 220"volts by a

Siarad transformer, Type S17-33. Pulse power was 800 watts at a fre-

quency of 11 kiz. This instrument proved unsatisfactory for recording

scattering layers owing to many artifacts that appeared on the echograws.

These artifacts were believed to be caused by fluctuations in the TE VEGA

power supply. Persistence of this problem throughout the cruise rendered

"recordings by this instrument unreliable.
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Water samples were collected at each station with standard Neason

casts. The samples were mlyzed for ammonia, nitrite, nitrate, phosphate,

silicate, salinity, and oxygen concentrations. In addition, water was

collected from the photic zone at depths of the 1, 10, 25, 50, end 100

percent light levels with a glass cylinder closed at the desired depths

by a messenger. Approximately IO.S liters were collected for C1 4 sad

chlorophyll measurements. Nitrate was measured by the method of Grasshoff

(1964), 02 by the Winkler method as modified by Carpenter (196S), and

the remaining determinations by the methods outlined in Strickland and

Parsons (1965).

RESULTS

Scattering layer analyses for the 15 stations used in this report

are shown in table 1. Scattering layers were recorded before, during,

and after water sample collections. In addition, echograms were taken

during sunrise and evening vertical migrations. Table 1 shows the geo-

graphical position of stations, depth to top of layer, thickness of

layer, and depths of maximum scattering for each layer. The survey

area and the 02 minima region are shown in figure 1.

Figure 2 shows some representative echograas. Three recordable

daytime layers were always present. The first, a shallow scattering

layer, occurred at all times, varied in thickness between 62 and 173

meters, and usually increased in thickness at night when the migrating

layers merged with it. Reduction of echosounder gain during the day

permitted determination of the approximate depth of maximua scattering

within each layer (e.g. fig. 2a). One or two such depths usually

3



aisatd In the shallow layer, but as many as three were noted. The

$emnd, mad mext shallowest layer, was a migrating layer. The daytime

depth to the top of this layer varied between 238 and 320 meters, and

its thickness varied between 22 and 95 noter". This layer showed

heavier scattering on the 30-kHz ochosounder than did the deepest

scattering layer. Its evening migration began at the saes time as that

of the deepest layer, and it merged with the surface layer first. Its

domwand (sunrise) migration began later than that of the deepest layer

and it maintained the same vertical distance between itself and the deep-

eat layer during the migration. The deepest layer was also a migrating

layer whose daytime depths varied between 32S and 440 meters. Its

thickness ranged from 26 to 91 moters. This layer never showed excep-

tionally concentrated scattering and was barely recordable at tines;

however, it was always present. Migration of this layer was identical

to the second layer, varying only in starting times. Migration rates

ranged from 4.9 to 9.1 m/min with the rate increasing gradually from

the beginning of each migration (fig. 2b) to the maximum rate.

Midday Tucker traels at stations 659, 663, and 664 caught bathy-

pelagic fish up to IS cm in length at depths between 320 and 625 meters.

The deepest scattering layer was within these depth limits at this time.

In addition, bathypelagic fish of the same general size were caught

between 270 and 38S meters at approximately 1830 local time at station

6S2, when the deepest layer was migrating through this depth range.

Trawls towed below 6S0 meters showed a definite paucity of organisms.

Daytime trawls made at the depths of the shallowest migrating layer

contained greater concentrations of zooplankton and bathypelagic fish

4
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ruth mailer tlum those csus• in deeper trois.

Clmnicel aalysis of uter smplus slmwd • definite nitrite link

i
that varied betumm 200 and 32S raters. A dzep in nitntte ce•m•-,

sesocisted with this posk could not be related steichiomtric8117 to !

the rise in nitrite €onc•tratioa. The peak nitrite cmceotrstioa t•mjsd

batwoeu 1.07 and 1.80 pf-atous/l. Figure 3 shows tTpical nitrite md i

nitrate cmcentratious in the area. i•

As previously nenttonedo the spprexinate depth of usximm scatter-

ins within layers €ould be deterained by docreuinl the lain of the echo-

sounder (tip. 28, €, d). Aleut squares reSts••lea analysis of the

relatimsb.*p between this scatterins pesdk ud the depth of saxi•

nitrite €Oucentrations is shmm in fiSure 4. A sio/lar rely•is for

the nitrite-nitrate relaticeship is shown in fisure 5. These tel•ties-

ships had €orrelatiou coefficients of 0.72 end 0.6S with 95 percent

confidence liutts renan| frou 0.4 to 0.9 sad J•oet 0.2 to 0.8, respec-

tively. The equations for the mmlyses are:

y - 0.9418x - 19.86 (1)

y - O.S134x • 117.18 (2)

Irjlili/llI •hit y OqtlSlS tbe depth of nitrite naxtmm in esch oquatiou and

that x equls nsximm scetterins depth in (1) and depth of nitrate ntni-

nun in (2), we ©sn solve for mximm s©attertns depth within the second

lwer.

0.5134 [;*nitrate] * 137.04 (3)
X nix " 0.9418

Sinilar enllysel were psrbllod for depths of Ilxilll icattel•n|

in the surface layer versus C14 productivity (fiB. 6) and chlorophyll

S' i I I



j(ftg. 7)- When ltiple Peaks eccesred, the best fi-t Wee chonsa.

Ploem 6 med 7 show that signifematly positive corlation c lEfceats

exist betvein ucuimm Scattering and the-bilelgieal pwmmersn-. Otheri

measured pavameas could not be sigidficsmtly related to the scattering

1mm~..

* DIUSSRG

The behavior of the migrating scattering layers In this area differs

from that found ion - area Immdiately to the north. Battler and Wester-

field (1953) repor t the MSL at 450 meters and a rate of migration of 2.3

u/ala In the area of Qiadalupe. Similar types of organisms exist in both

of these areas (Wooster, 19S2; Berry and Perkins, 1966), thus Indicating

that different chmoical characteristics in the 02 minmium region are

perhaps responsible for the differeced.

The characteristic immediately obvious upon Inspection of the data

is the relation between the ptonomscd nitrite peak and the daytime depths

of the second layer. This peak is significantly correlated with the

depth of audsum scattering In this layer. Nitrite, under these condi-

tions, can appear in two ways. It can be reduced by organisms from

nitrate or It can be oxidized from lower valence nitrogen precursors

(Harvey, 1960; Vaccaro. 1965).

An associated decreas@ in nitrate conicentration correlated with

the nitrite peak suggests that nitrite is being formed frm nitrate.

The quanmtitative nitrite-nitrate difference, however, Indicates that

coatdynami rastem to be otheratingowithtentitden hagda

constant systemt smye opheratipond.ihtenirt en cagda
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accoMat far the initrate loss. a hssgesats tat 006

Is being changed tosom Intermediate copo~snd that ime metmi~

* L 622 Or NO2 or that the nitrite is somehow asslimilaed by .eam~m

Isms at these depths. Daytime vertical meeetof the secondl,

In direct relation to aitrite-mitrate concentration s mgets that e

depth Of this layer Is being affected by these two parameeters.

Muzmi scatterimg Occurred In the surface laye~r at We uIft
three dspths. suggetin that diffeusut orgnims we selectiVely

ifid within this layer. Pbyteplamkton probably cimtbe detected with.

30 hfg sound; however, these pek my be caueed by oraIm mOnt eipled

but directly related to the phytoplainkton. Correlatiun of gaziw.e

scattering with productivity med standing crop meunet niae

that these parameateare m smeauale with a eound source. aw"n to the

cyude method used for determiaming peaks of scattering, this correlation,

has not beam firmly established. The use of a higher-frequmemy sound

somrce or perhaaps filtered white noise to determime absolute peaks of

scattering within the surface layer snd comparison of these peaks with

C14 and chlorophyll a maximum could lead to a rupid and easy method of

determining these parmeters.

Three scattering layers ar she.. to- exist In the minfam 02 noeim

of the easter. tropical Pacific. 7he surface layer, a mommgratift

scattering layer, varied in thickness between 62 sad 173 meters. The

top of the seemed layer,* betwe 22 and 95 meters thick, had daytime

depths ranging froe 238 to 320 meters. The top of the third layer,

74



it'Ai. m ta-s thlek, had depttft depths yanging frow 32

~ ~g~e. XIMN scattering Within these impees "a determined

~ia ab~t ofthe eheeer.Regression amalysos were mode
~W ~aeltim meficiits ere detersdmed between wariim biological

-9 tebumal' auntes d depths of waximo scattering. 7he analyse

then pe* iui~eum rateiona to be Intimately related to the shallow-

*at dmfnfth smatising layer. This layer change depth In di. et

Voedsia toý ihe -nitrite peak. Ns imin. scattering In the sur-face layer

ouin'ew latmd with sWIMM C14 activity mod chlorophyll I mculcetra-

time, suggesting that these paramuters may possibly be ameasred by

hliab-h~qmwma soun sources.

Trawl orthessugest that small bothypelagic fishes mad tooplanktom

SIMON the shoalest migrating layer and that, large bat hypelagic fishes

comes the deeper layer.

- a3i0rJGN
The author Is grateNi to the following masshers of

the oapeditiom for technical assistance: V. Saribault,

W. A. Ford, J. Norton, R. Perkins, V. Samuel, G. Silberstein,

end D, Mallen. In particular, he wishes to thmak Dr. Joim,

Goering of Alaska University and Or,. iWis~ Gilmartin of

Stamford Vaiversity for advice and ass istmame in preparing

this paper.



1. &eee, .X. 12M*. &metwter of sound by air biadMn of fish
in do we"p sonecattering layers in the oseen. Soviet Physis
AcIustis,- V. 10t .1

2. Arm, W. 1960. The distributios of animals In the ointewa N~w
PMsif to sd Its relatiamahp to Pbysicl and ab~tcs1 .omadi~tl.m

Deetuest of Unmpphtiversity of Wsha~tou Techical
%apart 63,' seforence W6509 Oct. 1160.

3. Notolor, W Emad E. C. vesterfield, 1953. Scow studies as tas
IlLob. ept. 339 1-22.

4. Nahlemi~sho.v K. V. 1256. Sound scattering layes an the vertical
distributi~on of macplanktaft and fish in the "ea. NavalOm~pi
Office, Translation 109.

5. Berry, F. H. and H. C. Perkins -1966. Sum"~ of the California Cement
Area. Fish. Dal. Vol. 65t No. 3.

. Carpeoster, J. o. 196. The Chesapeake Day Institute technique for the
Winkler dissolved "we. nethod., Limmed. Ocesmogre 10, 141-143.

7. Creasboff K. 1916t. Sur bestismug von nitret In meersw tulahiasser.
11.1r Nz my . 2, 20, 5-11.

3. Davey, H. 0. 1960. The Chmistry and o Fertillty of Sea Water. Cs.-
bri.'deg University Pro", Cantriutde, 1zglald.

9. Her.ys J. 3. and R. N. Jacks* 195*. New evidence that migrating
gas bubbles, probably the swim bladders of fish, we lavoly ves-
ponsible for scattering layers an the continental zime south of
Now England. Deep Sea Mes ., 1, 190-111.

10-. --- ,------ 1962. Sound sat.ering by marine oM nis s. p. 49"-399,
The Sea, Vol. I edited by 1. N. 01.11. Wiley and Soes, New fork4Laomdoj

U. Marshall,9 3. 3. 1951. Dathypelaglo Fishes as Sound Scatterters In the
Ocean. J. Nor. Res., 10, 1-17.

12. Raymoat, J. E. 0. 1963. Plankton and Productivity In thu Oceans,
"60 pp. HNaillan Co., New York.

13. Strickland, J. D. R. d T. P 1965. Fo. .96* A iennel of Sea Water
Anay*si. Fish. les. Dd. Cansda Dll. 125, 2nd ed,

*. Tehernia, P. 1950. Obeerwatins doooeanqrpie biologiqus fates par
L'Avis@ polaLz Ciomandant cheroot pendent Le ampqn 20*6-19S.
U Observatimon ur I& DSL faites a bard du Cdamnwt cheroot
(c7pag" I 1*-46.). Dune. infr. Cam. Cent. 0oeno. eit d'Etade ds
onteo 2,9 7-20.

2

8. lsz~y. H W.2SiO Th €•mJ~yamd e~t2Ltyd •ga~w ia



IL, 'I1. B. K. 1251. Relation of fishes and other organisms to the
scatteing of undervater souad. J. MIar. Rem, 10, 215-238.

5• Yasomrog, R. F. 196S. Inrgeanic litiogen in Sea Vater. Chemical
Om~aS" ep-1 edited by Riey and Skiz'ow Academic Press. New

17. Veestew, V. S. Sheilbe c Exped. 17 May to 27 Aug. 1952, University
of CLIJfcmiag Scripps Institute of Oceanography, Unpub. Manuscript,
flef. 52-43, l0 ip.

10



Table 1: Scattering Layer Analysis
(neters)

Depth to Top Thickness of Depth of Mauon
Date Station JUMb Lat. L .N Loeg. W. of Layer Layer Scatterin

7/IV/67 652 16022'1S" 9955' (2) 238 (1) s0 (1) 45
(3) 33 (2) 36 (2) 256

(3) 38 (3),357

6/1V/67 653 is st "047'30" (2) ( (1) 86 (1) 54
(3) no (2) 22 (2) 130

(3) SS (31,409

9/IV/67 6S4 1S 22 100 06 (2) 20 (1) 106 (1) 20
(3) 380 (2) o (2) 314

(3) 4S (3) 4O6

1W/TV/67 6ss 14 SS 100 04 (2) 320 (1) 132 (1) 73*
(3) 402 (2) S9 (2) 354

(3) 27 (3) 411

11/IV/67 656 14 S7 99 S2 (2) 274 (1) 109 (1) ----
(3) 391 (2) 64 (2) 312

(3) 91 (3) 411

12/IV/67 657 14 28 100 10 (2) 296 (1) 143 (1) 82'
(3) 387 (2) 47 (2) 316

(3) 24 (3) 46

14/IV/67 653 13 30 100 so (2) 263 (1) 173 (1) --
(3) 411 (2) 9S (2) 301

(3) SS (3) 448

1S/IV/67 659 13 26 101 36 (2) 30s (1) 145 (1) 910
(3) 417 (2) SO (2) 329-

(3) (3) 435

17/1V/67 660 13 3S 103 28 (2) 320 (1) 90 (1) 64*
(3) 420 (2) 48 (2) 338

(3) 46 (3) 430

Is/tV/67 661 13 50 103 37 30 (2) 303 (1) 62 (1) -- *
(3) 391 (2) 40 (2) 321

(3) 48(3) 406

I Two or more peaks noted. (1) Surface layer
*AM discetnable peak. (2) Shallowest migrating layer

(3) Deepest migrating layer



Table 1 (mn.)

ine. W. of Loper Layer scaterift

"211V/0 M2 s 104,4230" (2) o23 (1) 93 (1) 36
(3) 440 (2) 91 , (2)5 2

(3) 37 (S) 4"

2V/JY67 " M6 14 59 10349 (2) 37 (1) (1) 34
(,[3) 3 (2 26 (2) 281..
(3)3.- (3 27 (3)S332

G"tVI4" M4 1t02 106 41 (2) 2a (1)173 (1)37
.. )O .1(;2)44 02). 3 ;

(3) W (3)' 408

Go" " 53 10 24 (2) 2M (1) 122 (1) 20(3) 315 (;) € so (2) wS

I(3) 4 (S) 430

29/0 6" 21 57 107 10 (2) 275 (1) 145 (1) 40
()37 (52 (2).. :•.....40 (3)

" k "••*

* 7p

7q

. . . . . .. . . . . . . . . . . . .
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layer, In addition, correlations between peaks of scattering in the surface layer
and maximum C1 activity and chlorophyll a concentration suggested that these
parameters ma '4possibly be measured by hi~gh-frequency sound sources.

* Trawl data suggest small bathypelagic fishes and zooplmnkton as causes of the
shallowest migrating scattering layer and large bathypelagic fishes as the cause
for the deepest layer.
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